We have investigated the kinetics of successive ! " 0 ! 0 martensitic transformation in a SUS304L stainless steel by isothermal holding experiments. An in-situ optical micrograph observation suggests that the ! " 0 martensitic transformation has so-called isothermal kinetics while the " 0 ! 0 martensitic transformation has so-called athermal kinetics. The TTT diagram corresponding to the formation of 0.5 vol% of 0 -martensite via " 0 -martensite from -phase shows a C-curve with a nose temperature located at about 103 K, due to the isothermal kinetics of the ! " 0 transformation.
Introduction
Martensitic transformations are frequently classified into two-groups from the view point of kinetics. 1, 2) One is socalled athermal transformations, in which the martensite phase forms instantaneously in the cooling process. The other is so-called isothermal transformations, in which the amount of martensite phase increases with increasing holding time at a constant temperature. Although the two kinds of transformation kinetics are now basically explained by a universal phenomenological theory, 3) the number of alloys exhibiting an obvious isothermal transformation is small. For this reason, most of the so-called isothermal transformations studied so far are the ! 0 ones observed in Fe-Ni-Cr and Fe-Ni-Mn alloys. [4] [5] [6] The isothermal transformation in these alloys is characterized by a C-curve in time-temperaturetransformation (TTT) diagram.
Recently, however, we found a new type of isothermal transformation in a SUS304L stainless steel. In the steel, the successive ! " 0 ! 0 martensitic transformation proceeded by isothermal holding. 7, 8) As far as the authors are aware, this was the first finding of isothermal successive ! " 0 ! 0 martensitic transformation. In the previous paper, we examined the isothermal transformation only at 77 K, and the TTT diagram has not been constructed yet. The purpose of the present study is, therefore to construct the TTT diagram of the successive ! " 0 ! 0 martensitic transformation in the SUS304L stainless steel.
Experimental Procedure
The chemical composition of the SUS304L stainless steel used in the present study is shown in Table 1 . The stainless steel was cold-rolled into a sheet. From the sheet, specimens of 3 Â 3 Â 1 mm in size were cut out, and were solutiontreated at 1323 K for 0.5 h in vacuum followed by quenching into iced water. Then the oxidized surface layer was eliminated by electropolishing in an electrolyte composed of 85% C 2 H 5 OH and 15% HClO 4 in volume.
Isothermal holding of the specimens was carried out in the temperature range between 70 and 170 K. It is very difficult to evaluate the volume fraction of the " 0 -martensite quantitatively. In this study, therefore, we measured the amount of the 0 -martensite to construct the TTT diagram. The volume fraction of the 0 -martensite, f 0 , formed by an isothermal holding was evaluated by a magnetization measurement at 300 K (¼ T R ). That is, f 0 ¼ M 0 ðT R Þ=M 0 0 ðT R Þ, where M 0 ðT R Þ and M 0 0 ðT R Þ are the spontaneous magnetization of the specimen and that of the 0 -phase, respectively, at T R . 8) Here, the magnetizations of -phase and " 0 -martensite are neglected because they are nonmagnetic. 9, 10) The value of M 0 0 ðT R Þ is approximated to be the value at 0 K, M 0 0 ð0Þ, although it is a rough approximation. The value of M 0 0 ð0Þ of the present SUS304L is estimated to be 1.79 B /atom considering the Slater-Pauling curve and their valence electron concentration. 11, 12) Morphology of the martensites was observed by in-situ optical microscopy during the isothermal holding.
Results and Discussion

TTT diagram for the successive ! "
0 ! 0 martensitic transformation First of all, transformation behavior and magnetic properties of the present SUS304L steel has been checked by magnetic susceptibility measurement. Figure 1 shows temperature dependence of magnetic susceptibility, , of the present SUS304L steel. In the cooling process, the magnetic susceptibility increases in the temperature range between 70 and 170 K. A characteristic feature is that it also increases in the heating process in the same temperature range. Such increase in magnetic susceptibility is due to the formation of ferromagnetic 0 -phase, meaning that isothermal ! " 0 ! 0 martensitic transformation occurs in the present specimen, being in good agreement with previous studies. 7, 8) The isothermal kinetics of the successive martensitic transforma- * Graduate Student, Osaka University tion is due to the ! " 0 martensitic transformation, and there is no direct ! 0 martensitic transformation, which will be described later. Incidentally, the Néel temperature (indicated by T N ) of the residual -phase also agrees with previous report. 7, 8) Next, the time evolution of 0 -martensite during isothermal holding at 103 K has been examined by magnetization measurement under a low magnetic field of 80 kA/m, and the result is shown in Fig. 2 . The magnetization increases linearly with increasing holding time at the initial stage, and then the increasing-ratio decreases in the long time range of holding. A characteristic feature is that if we magnify the curve (inset of Fig. 2 ), we notice a discontinuous or a steplike increase in magnetization during the isothermal holding process. This result means that increase in the fraction of 0 -martensite occurs instantaneously and step by step. However, we cannot evaluate quantitatively the fraction of 0 -martensite from Fig. 2 because the magnetization in Fig. 2 is not saturated value.
Isothermal holding experiment for obtaining the TTT curve has been carried out in the absent of magnetic field at several temperatures in the temperature range between 70 and 170 K. Figure 3 shows magnetization curves at T R ¼ 300 K after such isothermal holding has been done at 103 K for 50 s (a), 170 s (b), 520 s (c), 1660 s (d), 5200 s (e) and 10400 s (f). We can evaluate the spontaneous magnetization from these curves. As an example, the spontaneous magnetization obtained from curve (f) is indicated with an arrow in the Fig. 3 . Obviously, the spontaneous magnetization increases with increasing isothermal holding time.
The volume fraction of 0 -martensite ( f 0 ) can be evaluated from the spontaneous magnetization as described in experimental procedure, and the volume fraction thus obtained is plotted with solid circles as a function of holding time in Fig. 4 . The same experiments have been Magnetization , emu g made at 116, 110, 105, 100, 95 and 87 K, and the results at 100 K and 110 K are also shown in Fig. 4 . We know from the result that the f 0 obviously depends on holding temperature as well as holding time.
From the linear relation shown Fig. 4 , the time required for the formation of 0.5 vol% of 0 -martensite is obtained. It is 7.1 ks at 100 K, 6.1 ks at 103 K and 11.5 ks at 110 K as shown by arrows. Using these times, we have constructed the TTT diagram of 0.5 vol% of 0 -martensite as shown in Fig. 5 . The results at 116, 105, 95 and 87 K obtained by the same method are also plotted in Fig. 5 . It should be noted in this result that TTT diagram clearly forms a typical C-curve, and nose temperature (indicated by an arrow) is about 103 K.
Morphologies of martensites formed during isothermal holding
In order to know how the isothermal ! " 0 ! 0 martensitic transformation proceeds, we have made in-situ optical microscope observation. In the present study, all the 0 -plates observed were formed in " 0 -plates. Figure 6 shows a series of optical micrographs showing isothermal ! " 0 ! 0 martensitic transformation at 103 K. After isothermal holding of 3 Â 10 2 s, banded plates of the " 0 -martensite appeared in the matrix of the -phase as indicated by 'A' in Fig. 6(a) . The number of " 0 -plates gradually increases with increasing holding time as seen in (b) and (c). In addition, the contrast of the -phase enclosed by banded " 0 -plates (indicated by a dashed rectangle in the Fig. 6(b) ) also increases with increasing the holding time. Such a change in contrast will be due to the gradual growth of banded " 0 -martensites. That is, the ! " 0 martensitic transformation proceeds isothermally. On the other hand, Fig. 6(d) shows the microstructure taken 5 sec after observing Fig. 6(c) . We notice wedge-shaped plates, as indicated by B, instantaneously form in the banded " 0 -plates. The product phase is 0 -martensite because the wedge-shaped morphology is characteristic to 0 -martensite. 10, 13) The 0 -martensite thus formed does not grow on further increasing isothermal holding time. This result suggests that the " 0 ! 0 martensitic transformation is so-called athermal one.
It is likely from the optical microscope observation that the successive ! " 0 ! 0 martensitic transformation proceeds by an isothermal ! " 0 martensitic transformation followed by an athermal " 0 ! 0 martensitic transformation. If this interpretation is appropriate, the C-curve nature of the TTT diagram in Fig. 5 is essentially due to the kinetics of ! " 0 martensitic transformation although the curve 
Conclusions
We have investigated TTT diagram of successive ! " 0 ! 0 martensitic transformation in a solution-treated SUS304L stainless and the following results have been obtained.
(1) Successive ! " 0 ! 0 martensitic transformation probably proceeds by so-called isothermal ! " 0 martensitic transformation followed by so-called athermal " 0 ! 0 martensitic transformation. (2) TTT diagram of the successive ! " 0 ! 0 martensitic transformation shows a C-curve with a nose temperature located at about 103 K due to the isothermal nature of the ! " 0 martensitic transformation.
